Background: Type 1 diabetes is among the most prevalent chronic childhood diseases in the US. Initial type 1 diabetes management education and care can take place in different clinical settings. This study assessed metabolic outcomes (i.e. hemoglobin A1C), healthcare utilization and costs among new-onset type 1 diabetic children who received initial diabetes education and care in a hospital compared to those children in an outpatient pediatric endocrinology clinic.
evaluation Background Type 1diabetes mellitus (i.e. insulin-dependent diabetes mellitus) is one of the most prevalent chronic diseases among children in the United States [1] . In 2010, the prevalence of type 1 diabetes in children aged 0-19 in the United States was 1.7 per 1,000 children [2] . Among youth aged less than 10 years and 10-19 years there are 19.7 and 18.6 per 100,000 new cases of type 1 diabetes every year, respectively [1] .
With proper education and care, type 1 diabetes can be managed throughout an individual's life. Initial diabetes education is important for establishing successful diabetes self-management, long-term glycemic control, and complication free survival [3] . Often, new-onset type 1 diabetic children are admitted to hospitals for metabolic stabilization and disease education, regardless of disease severity [4, 5] . While fifteen percent of newly diagnosed type 1 diabetic children require urgent insulin and fluid replacement treatment, one-third to one-half of them present with mild symptoms [6, 7] . For children with mild to moderate symptoms and who are clinically stable, there is not definite evidence as to which health care setting is most cost-effective for the provision of initial type 1 diabetes management education and patient care [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] .
Previous studies compared metabolic outcomes using subsequent hemoglobin A1C (i.e. HbA1C) levels of newly diagnosed type 1 diabetic children based on initial diabetes education setting [7] [8] [9] 13, 14] . Chase et al., (1992) found that HbA1C levels of newly diagnosed type 1 diabetic inpatient and outpatient children were not significantly different for any of the five follow-up years after diagnosis (p>0.05). Additionally, Simell et al. (1991) found that the length of initial stay in a hospital had no effect on metabolic control in newly diagnosed type 1 diabetic children at 2 years post-diagnosis. Dougherty, Soderstrom, & Schiffrin (1998) found that the mean HbA1C levels of the children, who received initial diabetes education in a home-based setting (6.4%; 46 mmol/mol), was not significantly different (p>0.55) from those in a hospital setting (6.1%; 43 mmol/mol) at 12 months post-diagnosis; nevertheless, HbA1C levels were significantly lower (p<0.05) in the home-based group (6.4%; 46 mmol/mol) than in the hospital group (7.1%; 54 mmol/mol) at 3 years after diagnosis. Similarly, did not find statistically significant differences (p>0.74) in the mean HbA1C levels at six months post-diagnosis of newly diagnosed type 1 diabetic children who received initial diabetes education in a home-based setting (6.0%; 42.8 mmol/mol) compared to children in a hospital setting (6.1%; 43.3 mmol/mol). Finally, Hamman et al. (1985) found no significant differences in the risk of subsequent ketoacidosis episodes among children who received their initial education in an inpatient, an outpatient, or a mixed inpatient/ outpatient setting.
The United States ranked highest in the world for diabetes health expenditures per capita and as a percentage of total health expenditures [15] . The economic burden of type 1 diabetes in the United States was estimated at $14.9 billion in 2007, including $10.5 billion in healthcare costs [16] . The average annual type 1 diabetes healthcare cost per diabetic adult was estimated at $10,495 in 2007 [17] . Few studies have estimated the costs of type 1 diabetes diagnosis and care in new-onset children based on initial diabetes education setting [13, [18] [19] [20] . Dougherty, Soderstrom, & Schiffrin (1998) estimated that the cost of type 1 diabetes diagnosis and care in children, who received their initial diabetes education in a home-based setting, was CAN$ 48 (USD 53) higher per child (p>0.85) compared to the inpatient setting. Similarly, Spaulding & Spaulding (1976) estimated that the total average cost per patient (both children and adults) in the home-based setting was CAN$ 154 (USD 169) compared to CAN$ 1,445 (USD 1,587) average total cost per patient admitted to the hospital. Authors used the Ontario Medical Association fee schedule to compare the healthcare cost of new-onset type 1 diabetic patients managed in a home-based setting, without admission to hospital during the 6 months of continuing insulin treatment, with those patients admitted to a hospital for initiation of insulin treatment. Healthcare costs included salaries of staff, physician's fees, laboratory costs and daily hospital bed rate. The costs of insulin, other drugs and some of the home urine-testing supplies were not included in the analysis. More recently, examined the healthcare costs one month after diagnosis of newly diagnosed type 1 diabetic children who received hospital-based care versus hospitalbased home care. Authors found that total mean healthcare cost per patient was lower in the hospitalbased home care group (1,501 SEK; USD 235) compared to the hospital-based care group (2,143 SEK; USD 335) (p<0.001). Authors used the Swedish southern regional healthcare pricelist as a proxy for cost of healthcare services. Healthcare services included stay at hospital and hospital-based home Family House, outpatient visits, telephone consultations and healthcare professionals' educational time. Simell, Simell, & Sintonen (1993) compared the cost of care of the length of initial hospital stay of children with newly diagnosed type 1 diabetes. The costs of care of a child with type 1 diabetes admitted to a hospital for 23±4 days totaled £10,834 (USD 7,333) compared to £6,928 (USD 4,689) per child admitted for 9±3 days (p<0.001). Authors concluded that shortening the initial hospital stay of children with newly diagnosed type 1 diabetes decreased total costs without influencing metabolic outcome during the first 2 years of disease.
Baystate Health's type 1 diabetes management education and care is delivered through the Pediatric Endocrinology Division at Baystate Children's Hospital and an outpatient pediatric endocrinology clinic. Initial type 1 diabetes management and patient education is provided during 2-4 hours for two consecutive days. The initial two days of diabetes education sessions are followed by daily nurse interaction with the family over the phone, when clinically needed, and a clinic follow up visit at 1 week, 1 month, 2 months, and quarterly thereafter. The same team of specialty nurses and a dietitian provides diabetes education and insulin management training to the parents and child and covers the same content regardless of education setting (i.e. hospital and/or outpatient pediatric endocrinology clinic). The role and involvement of the pediatric endocrinologist is also similar whether the child is an inpatient at Baystate Children's Hospital or an outpatient at the outpatient pediatric endocrinology clinic. New-onset type 1 diabetes management and patient education is initiated to clinically stable patients, either in the outpatient pediatric endocrinology clinic or on the hospital ward floor of Baystate Children's Hospital, within a 10-day period following diagnosis.
The healthcare cost and utilization of the provision of initial type 1 diabetes education and care in a hospital compared to an outpatient pediatric clinic has not been empirically estimated. This study sought to assess differences in outcomes and costs between new-onset type 1 diabetic children who received initial education and care in a hospital and in an outpatient pediatric endocrinology clinic. The study specifically compared: 1) HbA1C levels at diagnosis and one year post-diagnosis; and 2) healthcare utilization and costs associated with the provision of type 1 diabetes education and care during the first year from date of diagnosis in both healthcare settings.
Methods

Data sources
Baystate Health in Massachusetts served as the healthcare setting for this study. Baystate Health comprises several healthcare settings including Baystate Children's Hospital, medical practices, and outpatient clinics [21] . Clinical data of all newly diagnosed type 1 diabetic children from 2008 to 2010 derived from the pediatric endocrine clinic database PEDRO Electronic Medical Record System (Pedrosoft LLC, Basking Ridge, NJ) and the electronic medical record database of Baystate Health's Clinical Information System (Cerner Corporation, North Kansas City, MO). Economic data derived from two Baystate Health electronic financial accounting systems for all new-onset type 1 diabetic children in the study period. Databases did not include any patient identifiers. Databases were merged using a unique random number assigned to each patient in the study. Baystate Health Institutional Review Board granted study approval.
Study design
A retrospective cross-sectional study was conducted from the payer's perspective. The study inclusion criteria of children were as follows: 1) newly diagnosed with type 1 diabetes evidenced by at least one positive antibody test for type 1 diabetes at diagnosis -i.e. islet cell antibody ICA512, islet cell antibody GAD65, and/or insulin antibody; 2) diagnosis occurred in the 2008-2009 period; 3) aged 1 to 18 years old at the time of diagnosis; and 4) metabolic outcome HbA1C data were available for at least one year of follow-up from diagnosis date. Children were excluded from the study if they did not have complete clinical and economic data. All children meeting inclusion criteria were divided into two groups; children were included in the inpatient group if they 1) spent at least one night in the hospital within the 10-day period after type 1 diabetes diagnosis, and 2) received all or part of the initial type 1 diabetes management education in the hospital. Children in the outpatient group were 1) diagnosed in an outpatient pediatric endocrinology clinic, and 2) received all initial diabetes management education there. A flow diagram of patient inclusion, exclusion, and group classification is shown in Figure 1 .
Socio-demographic data included patient age, sex, race/ ethnicity, health insurance type, and distance to Baystate Children's Hospital. Race/ethnicity of patients was broken down into 4 categories: White Non-Hispanic, African-American, Hispanic, and other. Health insurance type was categorized either as public or private. Distance to hospital was defined as patient address to Baystate Children's Hospital and as patient address within a 10 miles radius to Baystate Children's Hospital.
HbA1C is the primary metabolic outcome used to measure patient's glycemic control. This study followed the American Diabetes Association recommendation to adjust HbA1C levels by the age of the child based on: an HbA1C of less than 8.5% for children younger than age 6, 8.0% in children between ages 6 and 12, and under 7.5% for teenagers [22] . HbA1C levels were measured at diagnosis and one year post-diagnosis.
Economic data included healthcare charges for inhospital healthcare services, intensive care, emergency care, and outpatient healthcare services. Charges were used as a proxy for healthcare cost estimations. Healthcare costs components included diagnostic tests (i.e. electrocardiograms, laboratory tests, and medical imaging tests), pediatric and endocrinology care, critical and emergency care, hospitalists care, and type 1 diabetes related supplies, prescription drugs, and IV products (i.e. IV solutions used for treatment). All charges were adjusted to 2011 dollars using the US city average and all items component of the consumer price index.
HbA1C levels and healthcare utilization and charges were compared among new-onset type 1 diabetic children based on clinical setting of initial type 1 diabetes education and care (i.e. inpatient or outpatient groups). Pediatric endocrinology care charges were broken down into its two components, type 1 diabetes follow-up care and diabetes management and patient education, to further assess type 1 diabetes cost differences between groups. Pediatric endocrinology care included physician consultation and visits (e.g. HbA1C, glucose, urinalysis testing; and other service related care). All type 1 diabetes follow-up care occurred either on the hospital ward floor or in the outpatient pediatric endocrinology clinic after patient initial diagnosis and clinical stabilization. Diabetes management and patient education included lifestyle counseling and education about diet, exercise, and insulin administration. Descriptive statistics were performed. Statistical differences using t-test and χ 2 test were performed. Statistical significance was set at α=0.05.
Results
Descriptive statistics
The study included 84 patients; 33 received initial type 1 diabetes education and care at Baystate Children's Hospital (i.e. inpatient group) and 51 in the outpatient pediatric endocrinology clinic (i.e. outpatient group). The percentage of female patients (63.63%), White non-Hispanics (75.76%), those with public health insurance (42.42%), and the average distance to the hospital (18.08 miles) were higher, but not statistically significant, in the inpatient group (Table 1) . No statistically significant differences between groups were found in the sociodemographic characteristics of patients.
The average hospital length of stay (ALOS) of the inpatient group was 1.84±0.75 days and the ALOS in the Intensive Care Unit (ICU) was 1.1±0.30 days. The outpatient group had a higher average number of pediatric endocrinology outpatient visits during the 10-day period following the initial diagnosis (2.61±0.90 outpatient group vs. 1.76±0.71 inpatient group; p<0.0001), and during the first year after diagnosis (7.73±2.01 outpatient group vs. 6.87±1.71 inpatient group; p=0.04). The average number of phone calls nurses received during the year of follow-up care was higher, but not statistically significant, in the inpatient group ( 
Health outcomes
Study results showed no statistically significant differences between groups in the average HbA1C levels at diagnosis (11.60%±2.08% inpatient group vs. 10.70%±2.34% outpatient group) and at one year post-diagnosis Table. Adjusted to 2011 US dollars.
(7.54%±1.56% vs. 7.37%±0.89%). HbA1C levels at diagnosis were 3.72 and 2.83 percentage points above HbA1C target levels based on the child age in the inpatient and outpatient groups respectively (p=0.08); and 0.34 and 0.50 percentage points, respectively below HbA1C target levels at one year post-diagnosis (p= 0.58).
Healthcare services utilization and costs by clinical setting
Overall, children in the inpatient group used more healthcare services than those in the outpatient group during the first year post-diagnosis ( Healthcare utilization in the inpatient group was 5 times higher for diagnostic tests (p<0.001) and 1.5 to 2.3 times higher for outpatient pediatric care and pediatric hospitalists care, respectively ( Table 3 ). Utilization of medical supplies (p=0.05) and pharmaceuticals (p<0.001) was also higher among children in the inpatient group. There were significant differences in average charges per patient for the same services provided to children in the inpatient group and those in the outpatient group (Table 3) . Average charges per child for diagnostic test (p<0.001), hospital pediatric care (p<0.001), hospitalist care (p<0.001) and emergency care (p<0.001) were significantly higher for children in the inpatient group than those in the outpatient group. Average charges per child for medical supplies (p<0.001) and pharmaceuticals (p=0.05) were also higher for children in the inpatient group. Pediatric endocrinology care and diagnostic tests represented 77.26% and 15.60%, respectively of the total cost for children in the outpatient group. Likewise, the main cost drivers for children in the inpatient group were pediatric endocrinology care (33.08% of total cost for children in the inpatient group) followed by diagnostic tests (18.88%) and pediatric critical care (17.16%).
The average total charges per type 1 diabetic patient for pediatric endocrinology care were higher for children in the inpatient group (Table 4 ). The average charges per patient for follow-up diabetes care were higher for patients in the inpatient group ($2,436±$567 inpatient group vs. $2,092±651 outpatient group, p=0.01); whereas, the average charges per patient for diabetes management 
Discussion
Often, children with new-onset type 1 diabetes who present with acute symptoms of diabetes and markedly elevated blood glucose levels are admitted to a hospital [4] [5] [6] . However, evidence from previous studies suggests that for non-critically ill type 1 diabetic patients, insulin therapy initiated in the hospital does not yield improved metabolic outcomes when compared to diabetes care initiated in an outpatient setting [9, 11, 12, 23] . In the late 1980s, some pioneer experiences shifting to outpatient type 1 diabetes treatment showed the potential for decreasing diabetes-related hospital admissions, length of stay and healthcare costs [10] . In the current environment of healthcare reform and heightened awareness of the cost of healthcare, there is renewed interest in understanding differences in outcomes and cost of type 1 diabetes based on clinical setting of initial diabetes education and care. This study advances the analysis of differences in the cost of care provided to patients in different clinical settings. While costly provision of care in United States hospitals have been documented elsewhere, novel findings of this study showed significant differences between clinical settings in the average charges per patient for the provision of the same healthcare services including diagnostic tests, hospital pediatric care, hospitalist care, medical supplies, and pharmaceuticals.
Furthermore, study results showed that average charges per patient for type 1 diabetes follow-up care provided on the hospital ward floor were higher than in the outpatient pediatric endocrinology clinic. The average total charges per new-onset type 1 diabetic patient for pediatric endocrinology care, including follow-up diabetes care and diabetes management and patient education, was $4,080 per child in the inpatient group compared to $3,904 per child in the outpatient group. All type 1 diabetes follow-up care at Baystate Health occurred after initial diagnosis period when the patient was clinically stable and thus, differences in pediatric endocrinology charges between clinical settings are not related with the patient's diabetes control or severity of condition at diagnosis.
Limitations
Some limitations must be taken into account in the interpretation of the study results. There is a potential for selection bias, which is inherent to any non-randomized study. As a result, there were sicker patients within the inpatient group, as evidenced by laboratory test results at diagnosis, who by the virtue of their condition had a need for more medical services resulting in higher costs. Nevertheless, new-onset type 1 diabetes management and patient education is initiated, either in the outpatient pediatric endocrinology clinic or on the hospital ward floor of Baystate Children's Hospital, only when the patient is clinically stable within a 10-day period following diagnosis. Thus, differences in healthcare services utilization and costs of pediatric endocrinology care, diabetes follow-up care, and diabetes education and management training between clinical settings are not related with the patient's diabetes control or severity of condition at diagnosis.
All new-onset type 1 diabetic children presenting at Baystate Health from 2008-2009, who had metabolic HbA1C outcome data available for at least one year of follow up from the date of diagnosis, were candidates for inclusion in the study. Still, the study sample size could impact the results.
The inherent variability in medical practice may also impact study results. Blood pH, bicarbonate, and BUN test results were used to evaluate a patient's clinical stability and diabetes condition severity at diagnosis. The statistically significant differences observed in these laboratory tests at diagnosis could be related with the number of patients tested for clinical indicators of the disease. Also, many factors, besides clinical stability at diagnosis, contribute to the decision as to whether or not a child is hospitalized at the diagnosis of diabetes; physicians may weigh a patient's specific circumstances, such as the family's socioeconomic status or distance from the medical institution, and settingspecific factors, such as number of pediatric diabetes clinicians and diabetes educators at the institution, when choosing hospital admission as the site of initial type 1 diabetes management and education.
One year of follow-up data was used in this study. Additional years of follow-up data would have provided more accurate clinical evidence of the difference in the long-term metabolic control of newly diagnosed type 1 diabetic children based on the initial clinical setting of diabetes education. Furthermore, HbA1C levels at one year post-diagnosis could reflect, in part, a temporary disease remission following initial care called the honeymoon period [24] .
Lastly, direct healthcare costs estimations are based on charges to third-party payers. Average charges per type 1 diabetic patient for healthcare services could overestimate the cost of the provision of diabetes education and care to the provider. Also, actual health insurance reimbursement rates for healthcare services were unknown to the researchers. Health insurance companies may reimburse healthcare providers at different rates for the same service, and some insurers may have pre-negotiated allowable charges for particular services. There is also a potential for incomplete patient service charges data related to type 1 diabetes. All data in this study were gathered for services associated with type 1 diabetes and provided within the Baystate Health network. Any services related to type 1 diabetes care provided outside of the Baystate Health system are unknown to the researchers.
Conclusion
Hospital admission for type 1 diabetes initial care, patient education and insulin management training in new-onset non-critically ill children did not result in better metabolic outcomes during the first year post-diagnosis and increased cost. Thus, this study provides empirical evidence to support a shift from the current practice of hospital admission to outpatient provision of care in type 1 diabetic noncritically ill children for initial diabetes education and care.
